Introduction
Kaposi's sarcoma (KS), non-Hodgkin's lymphomas (NHLs) and invasive cervical carcinoma (ICC) are currently considered to be AIDS-defining conditions. In addition, classical Hodgkin's lymphoma (cHL) has been increasingly described in the HIV setting with peculiar clinico-pathologic features. There is also strong evidence of a relationship between HIV-induced immunodeficiency and the development of anal intraepithelial neoplasia (AIN). The introduction of highly active antiretroviral therapy (HAART) has had a dramatic impact on the morbidity and mortality of patients living with HIV (Rabkin, 2001; Tirelli et al., 2002) . In addition to a dramatic decline in the incidence of several opportunistic infections, HAART is affecting the incidences of several AIDS-defining malignancies (Gates and Kaplan, 2002) . The incidence of KS has dropped precipitously since the introduction of HAART in 1995 (Hengge et al., 2002) . The incidence of malignant lymphomas has also decreased following the widespread use of HAART (Rabkin, 2001 ). In contrast, the incidence of ICC has not significantly changed in the HAART era (Rabkin, 2001) . The impact of HAART on the epidemiology of other HIV-associated malignancies, including cHL and anal carcinoma, remains unclear (Gates and Kaplan, 2002) . However, in general, data regarding the impact of HAART on the natural history and treatment outcomes of HIV associated malignancies are still ill defined. The cost of antiretroviral therapies also poses a limit to the development of successful global intervention. In all, 90% of the 40 million AIDS patients in the world cannot afford HAART, and AIDS-related malignancies remain a very common problem in developing countries. On these grounds, the field of AIDS research is evaluating alternative therapeutic approaches for the treatment and prevention of AIDS and related diseases (Dal Maso et al., 2001) . Nevertheless, antiretroviral therapy remains an important component in the treatment strategy for several HIVrelated malignancies and its impact on such malignancies further suggests the possibility of a direct and indirect role of HIV in HIV-related tumor genesis.
This article reviews the recent advances in our knowledge of the pathology of AIDS-related malignancies, taking into account the pathogenetic mechanisms involved and their potential for improving the treatment of these tumors.
Kaposi's sarcoma
Classic KS was first described by Moritz Kaposi in 1872 and was known for an entire century as a rare disorder in older men usually of Eastern European, Mediterranean and/or Jewish origin, in whom it is often an indolent disease that affects the extremities (Kaposi, 1872) . In Western Europe and North America, the disease commonly occurs in those born in, or whose families originated from, Italy, Greece and the Middle East. In some equatorial African countries, KS has been known for many decades, predating the emergence of HIV (D'Oliveira and Torres, 1972) . This form of the disease is known as 'endemic KS' (Olweny, 1984) , and is often more aggressive than the classic form. Endemic KS extends to the lymph nodes and is seen in both children and adults. The median age of classic KS patients is 65 years, while the median age for endemic KS is 40 years. In the early 1980 s, the prevalence of KS began to increase dramatically and it soon became the most common malignancy in patients with AIDS (Beral et al., 1990) .
KS lesions are composed of a proliferation of spindle cells, usually in a directional streaming pattern, mixed with endothelial cells, fibroblasts and inflammatory cells. Most spindle cells express endothelial markers, such as CD31 and CD34. However, they can also express markers for smooth-muscle cells, macrophages or dendritic cells (Roth et al., 1992) . This indicates that spindle cells are either derived from pluripotent precursor cells or represent a heterogenous population of cells. It has recently been shown that the vascular endothelial growth factor receptor-3 (VEGFR-3) (Veikkola et al., 2001) , which is the receptor for the lymphangiogenic cytokine vascular endothelial growth factor C (VEGF-C) is ubiquitously expressed by KS spindle cells (Jussila et al., 1998; Dupin et al., 1999) . VEGFR-3 is usually only expressed by cells of the lymphatic endothelium and by neoangiogenesis vessels, and not by mature vascular endothelial cells, indicating that KS spindle cells probably belong to the endothelial lineage that differentiates towards lymphatic cells. This supports the hypothesis that KS spindle cells belong to the lymphatic, rather than vascular endothelial lineage.
The pathogenesis of KS has been better understood since the identification of the novel KS-associated herpesvirus (KSHV), which can be found in all forms of KS (Cesarman and Knowles, 1997) . This virus, also called human herpesvirus 8 (HHV-8), carries at least 11 open reading frames (ORFs) that encode homologs to cellular proteins involved in signal transduction, cell cycle regulation, inhibition of apoptosis and/or immune modulation (Cannon and Cesarman, 2000) . It therefore has the genetic machinery of an oncogenic virus. Overall, HHV8 seroprevalence correlates with the incidence of KS. However, only a small proportion of HHV8 infected people ever develop KS, and these do so only after a long latency period (Schulz et al., 2002) . It is now believed that HHV-8 is necessary, but not sufficient, to cause KS and that other factors, such as immunosuppression play a major role. However, viral oncogenesis and cytokine-induced growth also contribute to the development of KS. Several virally encoded genes, such as bcl-2, interleukin-6, cyclin-D, G proteincoupled receptor and interferon regulatory factor, have key functions in cellular proliferation and survival (Schulz, 2001 ). In particular viral-Cyclin-D (v-Cyclin-D) forms a complex with CDK6 that phosphorylates RB and inactivates it. The v-cyclin-D/CDK6 complex also phosphorylates and inactivates P27, relieving its inhibition of CYCLIN-E/CDK2 and CYCLIN-A/CDK2 activities (Godden-Kent et al., 1997) . The v-cyclin-D/ CDK6 complex is partly resistant to inhibition by both families (INK4 and CIP/KIP) of cyclin-dependent kinase inhibitors (Ellis et al., 1999) , so this complex might cause unrestrained proliferation when expressed in host cells. v-Cyclin-D/CDK6 also interacts with and phosphorylates proteins of the origin recognition complex (such as ORC1 and CDC6) (Laman et al., 2001) , which are involved in DNA replication, sharing this ability with cellular CYCLIN-A/CDK2 complexes. The v-cyclin-D therefore executes the functions of three separate CYCLIN-CDK complexes, encompassing exit from G0 (CYCLIN-D-CDK6) through G1 (CYCLIN-E/CDK2) and entry into S phase (CYCLIN-A/CDK2). Growth promotion of KS is further stimulated by various proinflammatory cytokines and growth factors such as tumor necrosis factor-a (TNF-a), interleukin 6 (IL-6), basic fibroblast growth factor (bFGF) and VEGF, resulting in hyperplastic polyclonal lesions with predominantly spindle cells, derived from lymphoid endothelium. Spindle cells, along with inflammatory cells that infiltrate KS lesions, express high levels of IL-6, bFGF, VEGF, TNF-a, oncostatin -M and interferon-g (IFN-g) (Salahuddin et al., 1988; Ensoli et al., 1989; Fiorelli et al., 1998; Miles et al., 1990) . In vitro, exogenous IL-6 enhances the proliferation of KS cells and IFN-g induces primary endothelial cells to acquire features that are similar to KS spindle cells. bFGF induces cell proliferation in an autocrine fashion, and synergizes with VEGF to promote the growth of primary KS cells derived from human tumors and the development of angioproliferative KS-like lesions in mice (Ensoli et al., 1994) .
The more aggressive nature of HIV-associated KS and the particular distribution of the lesion (such as nose, mouth and genitalia) have led to speculation that HIV-1-encoded proteins themselves might enhance KS growth. Tat protein of HIV-1 virus, for example, induces various cytokines that may synergically interact with the products of HHV8 (Albini et al., 1995; Prakash et al., 2000) . Tat also induces growth of KS spindle cells in vitro and has angiogenic properties both in vivo and in transgenic mice (Vogel et al., 1988) . It has not been determined, however, whether active circulating Tat actually reaches sufficiently high levels to promote KS cell growth in vivo.
AIDS-related lymphoma
The clinico-pathological range of AIDS-related NHLs includes Burkitt's lymphoma (BL), diffuse large B cell lymphoma (DLBCL -often involving the central nervous system), primary effusion lymphoma (PEL) and plasmablastic lymphoma of the oral cavity. The incidence of cHL also increases in the setting of HIV. cHL in HIV-infected persons is characterized by the predominance of unfavorable histological subtypes, mixed cellularity being the most frequently diagnosed subtype. The pathological heterogeneity of AIDS-related lymphomas reflects several pathogenetic mechanisms: chronic antigen stimulation, genetic abnormalities, cytokine deregulation and the role of herpesviruses EBV and HHV8. HIV-related lymphomas are consistently monoclonal and are characterized by a number of common genetic oncogene abnormalities involving the MYC and BCL-6 oncogenes, as well as tumor suppressor genes (Cinti et al., 2000) . In AIDSrelated BL, the molecular lesions involve activation of C-MYC and inactivation of P53 and P130 (Preudhomme et al., 1995; Lazzi et al., 2002) , while most DLBCLs in patients with AIDS carry somatic mutations of immunoglobulin and BCL-6 genes. However, the somatic hypermutation mechanism functions aberrantly in a significant proportion of AIDS-related NHLs, causing the mutation of many genes, and possibly favoring chromosomal translocation, which may be a powerful contributor to malignant transformation (Gaidano et al., 2003 (Klein, 1994) . In the absence of normal immune surveillance, cells of the LCL type can develop into lymphomas (Babcock and Thorley-Lawson, 2000) . Genetic analysis of EBV has demonstrated that several viral genes are required for initiation and maintenance of growth. These include the genes that encode the nuclear proteins EBNA-1, EBNA-2, EBNA-LP, EBNA-3A, and EBNA-3C and LMP (Ambinder, 2001) . Some of the biochemical functions of these proteins are now becoming clear. EBNA-2 causes transcription activation through several interactions (including the Notch pathway). EBNA-3C causes cells to progress through cell cycle check points in both G 1 and G 2 /M by an unknown mechanism, and the partly related EBNA-3A protein has effects on gene regulation. The LMP protein activates signaling through several transduction pathways, including activation of TNF-kB (Ambinder, 2001) . The association of HHV8 with B cells, as well as the B-cell primary effusion lymphomas and a subtype multicentric Castelman's disease (MCD), indicate a possible similarity with the mechanism by which EBV exploits B cells (Cesarman et al., 1995; Soulier et al., 1995) . HHV8-infected B cells in AIDS MCD consist entry express immunoglobulin m(IgM) and Ig light chain, indicating that this B-cell type could be a natural target or reservoir for HHV8 (Du et al., 2001) . However, nearly 50% of AIDS-related systemic lymphomas are negative for EBV and/or HHV8. This implicates other factors in the etiology of these malignancies associated with HIV infection, including polyclonal B-cell expansion and impaired T-cell immunosurveillance.
In HIV-infected individuals, chronic antigen stimulation leads to oligoclonal B-cell expansion. The consistent failure to unequivocally detect HIV sequences within the tumor clone suggests that HIV is not directly implicated in the transformation of B cells in vivo. Rather, the role of HIV in lymphomagenesis appears to be predominantly indirect and related to the disrupting effects of the virus on hosts' immune regulation. Immunological alterations induced by HIV include reduced immunosurveillance, chronic antigen stimulation and cytokine deregulation, which have all been show to play a role in lymphomagenesis of HIV-infected persons. These alterations induced by HIV result in B-cell oligoclonal expansion and proliferation, which commonly occur in the early phases of HIV infection. In clinical and pathological terms, the phase of oligoclonal B-cell expansion and proliferation corresponds to persistent generalized lymphadenopathy. In subsequent phases, the neoplastic transformation of a B-cell clone is due to the accumulation of genetic lesions, which eventually transform the clone into a true NHL. This model of lymphomagenesis, initially developed for NHL associated with HIV, may also be applicable to other examples of virus-associated lymphomagenesis. New molecular and virological evidence of biological features of AIDS-related NHLs may lead to new targets for pathogenetically and biologically oriented therapies.
Invasive cervical cancer
Over the last 10 years, the relationship between human papilloma virus (HPV) infection and female cervical intraepithelial neoplasia (CIN) has been established (Boccalon et al., 1996; Wallace and Carlin, 2001; Clarke and Chetty, 2002 ). Several studies have described an increased prevalence in both cervical HPV infection and CIN among HIV-positive women compared to HIVnegative ones. A high recurrence rate of CIN after standard treatment has been noted in HIV-positive women and the severity of these lesions seems to be inversely correlated to immune function. Taking into account these data, since 1993 the Centers for Disease Control (CDC) have included ICC among the conditions it considers AIDS-defining. Once cervical cancer develops in HIV-positive women, the disease may be aggressive and less responsive to treatment. Cervical cytology appears to be adequate as a screening tool for cervical intraepithelial neoplasia in HIV-positive women, but the high recurrence rate and multifocality of this disease reinforces the need for careful evaluation and follow-up of the entire anogenital tract in these women. Cervical tumors represent one of the most frequent complications of HIV infection in developing countries, representing a part of progression through AIDS. This points to a need for greater interdisciplinary cooperation for a best disease definition and for the development of effective prevention measures.
The relation between HIV and cervical cancer is even more complex than with KS and NHLs. Some authors have commented on the lack of a significant difference regarding the severity of neoplasia in asymptomatic HIV AIDS-related malignancies C Bellan et al positive women and those with AIDS. Cervical cancer has long been associated with HPV infection. Just as EBV takes advantage of normal B-cell differentiation pathways to promote its own replication, HPV exploits the normal epithelial differentiation pathway. HPV infects the proliferating undifferentiated basal layers of the epithelium and multiplies as an episome in the nuclei of differentiating upper layers of epithelium (such as keratinocytes). Viral DNA integrates into that of host cells. This process disrupts the viral regulatory gene E2, leading to the derepression of the oncogenic E6 and E7 proteins. The E7 ORF of HPV, HPV-E7, encodes the main transforming activity of this virus and regulates various components of the cell cycle. E7 associates with the retinoblastoma tumor-suppressor protein family (including RB, p107 and p130) (Dyson et al., 1989) , as well as histone deacetylase and AP1 transcription factors. The E7 proteins of the more oncogenic papillomavirus subtypes (HPV16 and HPV18) bind with greater affinity to the RB-family proteins (Gage et al., 1990) . E7 binding to RB releases E2F (which RB normally inhibits), allowing E2F to activate the transcription of genes that are involved in DNA synthesis, such as E2F1, and genes that encode DNA polymerase (POL), thymidine synthethase (TS) and thymidine kinase (TK). HPV-E7 also activates CYCLIN-E/CDK2 complexes, leading to phosphorylation (P) (inactivation) of RB. Finally, E7 interacts with p21 to abrogate p21-mediated inhibition of CYCLIN-E/ CDK2 and CYCLIN-A/CDK2 kinase activities. Overall, E7 promotes cell cycle progression, extending the duration of viral replicative competence in the host cell. However, this alone is insufficient to cause cervical cancer and other carcinogens and further genetic changes are required for disease progression. A primary means by which HIV infection may influence the pathogenesis of HPV-associated cervical pathology is by molecular interaction between HIV and HPV genes.
Although not yet well defined, an upregulation of HPV E6 and E7 gene expression by HIV proteins (such as Tat) has been postulated by some authors.
Anal carcinoma
There is also strong evidence of a relationship between HIV-induced immunodeficiency, HPV infection and the development of AIN, also known as squamous intraepithelial lesion (SIL) (Tirelli et al., 2002) . Patients with HIV infection are more likely to have both HPV infection and AIN than are non-HIV-infected persons with similar demographic characteristics. Moreover, AIN is more common among HIV-infected persons with lowCD4 cell count and a more advanced clinical stage of HIV disease (Tirelli et al., 2002) .
Discussion
Since the emergence of the HIV pandemic, a close association between HIV infection and the development of a selected group of cancers has been brought to light (Boshoff et al., 2002) . Several mechanisms of pathogenesis have been reported (Table 1 ), yet the reason why neoplasia, in particular NHL are more common in the HIV than in other forms of immunodepression is not completely understood (Gaidano et al., 1998; Knowles, 1999) . There are several schools of thought to account for this difference in both clinical and molecular behavior, each implicating different biological aspects. Some favor HIV targeting of specific genes. Others have suggested local immune deregulation involving both alteration in cell profile and alteration of cytokine profiles, whereas others again favor direct viral-viral interactions. HIV infection is associated with a reduction of cell-mediated immunity, and the failure of CD4-helper T cells to recognize clones of abnormal proliferating cells may be one of the reasons behind the development of AIDS-associated malignancies (Dalgleish et al., 2002) . The humoral predominant chronic immune activation seen in AIDS may also be important in providing the necessary environment for oncogenic viruses to induce lymphoma, KS and anogenital cancers. The interactions of EBV, HHV8 and HPV with the disrupted immunological and cytokine microenvironment induced by HIV have already been mentioned in the previous paragraphs and represent some aspects of the pathogenetic mechanisms involved in the development of AIDS-related malignancies. Here, we would like to focus on other pathways of tumorigenesis. The pathway of tumor progression is determined by a specific cell cycle checkpoint aberration (Figure 1 ) and, as previously reported, one mechanism by which cell cycle control may be altered is by interaction with viral oncoproteins. DNA viruses may stimulate G1 progression and S-phase entry for successful replication of their genomes, thus resulting in disruption of the normal cell cycle control regulatory mechanisms. In addition, loss of control at the G1/S checkpoint allows the accumulation of numerous small genetic changes leading to unchecked progression through G2/M. Loss of tumor suppressor genes, referred to as the loss of the heterozygosity (LOH) pathway, and genetic instability at the microsatellite (MSI) loci are among these genetic changes, both involved in tumor progression in AIDSassociated malignancies. LOH has also consistently been detected at specific loci such as 3p14.1Bp22, 4p16, 6p21, 3p25 and 17p13.3 (Mullokandov et al., 1996; Kersemaekers et al., 1998) . This has led to speculation as to candidate tumor suppressor genes. Defects in the mismatch repair (MMR) genes, which prevent them from repairing slippage errors that occur during replications are believed to cause MSI. An increased (Bedi et al., 1995) . HIV-related CIN lesions have also shown a significantly higher frequency of MSI, independently of CD4 counts (Wistuba et al., 1999) . There are several possible explanations. It has been suggested that HIV may target the MMR genes or other repair pathways. Alternatively, a viral protein may specifically bind to the DNA or cellular proteins, corrupting the replication process. However, the HIV genome has not been detected in tumor samples and, in those studies where it has been detected in low copy numbers, it has been attributed to HIV in background inflammatory cells. The hypothesis that HIV might use a 'hit and run' mechanism, modifying the cell without detection of the viral genome, should also be considered (Clarke and Chetty, 2002) . Tat protein of HIV is also a likely candidate to contribute to tumor pathogenesis in HIV-infected patients (Ensoli et al., 1994; Fiorelli et al., 1998; Altavilla et al., 1999; Kundu et al., 1999) . Tat protein is an early nonstructural protein necessary for virus replication, which is secreted by infected cells and taken up by uninfected cells (Rubartelli et al., 1998) . Extensive evidence indicates that Tat is a cofactor in the development of AIDS-related neoplasms (Noonan et al., 2000) and the protein has also been found to have an oncogenic role in vitro and in vivo (Kim et al., 1992; Corallini et al., 1993 Corallini et al., , 1996 Kundu et al., 1999) . However, the molecular mechanism of Tat-mediated tumorigenesis is not clear at present. There is experimental evidence to suggest a potential role of Tatmediated chemotaxis and invasion in the pathogenesis of AIDS-related malignancies (Barillari et al., 2002) . Deregulation of cellular genes and functions by Tat can also cause abnormalities that may contribute to AIDS pathogenesis and to the development of AIDS-associated disorders (Kundu et al., 1997 (Kundu et al., , 1998 Kashanchi et al., 2000) . Extracellular Tat is able to regulate many cellular genes which are involved in cell signaling and translation and ultimately controls the host proliferation and differentiation signals Li et al., 1995; Zauli et al., 1995; De La Fuente et al., 2002) . The molecular mechanism underlying Tat's pleotropic activity may include the generation of functional heterodimers of Tat with cell cycle proteins (Kashanchi et al., 2000) . In particular, Tat protein of HIV has also recently been shown to physically interact with the RB2/p130 tumor suppressor gene product (Lazzi et al., 2002) and E2F4 (Ambrosino et al., 2002) . The RB2/ p130 tumor suppressor gene belongs to the retinoblastoma gene family together with RB and p107 (Stiegler et al., 1998) . Many of the sequence similarities among these genes reside in a homologous functional domain known as the pocket region. This particular region mediates the interaction with E2F/DP members and viral oncoproteins. Besides mutations of the gene (Claudio et al., 2000a, b; Cinti et al., 2000) , interaction with viral oncoproteins is another important mechanism of inactivation of pRb2/p130, as oncoviral disruption of E2F/DP complexes re-induce site-dependent transcription and cell cycle progression (Fattaey et al., 1993; De Luca et al., 1997) . Recent data demonstrated that Tat and pRb2/p130 interact through the pocket region of pRb2/p130, resulting in the inhibition of pRb2/p130 oncosuppressive properties and uncontrolled cell proliferation (De Falco et al., 2003) . Whether this can occur through an ATP-dependent chaperone model remains to be determined (Figure 2 ). In addition, the interaction of Tat and RB2/p130 alone may not be sufficient for neoplastic transformation in vivo and other cofactors may be required. This is also consistent with the finding that Tat cannot induce cell growth unless cells are previously activated with inflammatory cytokines (Ensoli et al., 1990; Barillari et al., 1992; Albini et al., 1995; Fiorelli et al., 1998) . Further studies are necessary to completely elucidate the molecular mechanism underlying the Tat-pRb2/p130 interaction. Nevertheless, these results open a window on the role of pRb2/ p130 in AIDS-related oncogenesis and suggest a reevaluation of HIV itself as an oncogenic virus. This may result in the implementation of future therapeutic regimens and the design of new therapeutic approaches. Figure 1 Schematic representation of the molecular network for cell cycle regulation Figure 2 Tat with a chaperone may elicits a conformational changes in the pRb2-E2F4 complex. The release of free molecules may occur through an energy-dependent mechanisms, that is, ATP hydrolysis AIDS-related malignancies C Bellan et al
